Climate change is a daunting problem that results in actions-interactions from a number of actors in complex global systems, which require multi-level governance and a myriad of international and national policies. Deforestation is the second largest source of greenhouse gas (GHG) emissions. Success in this area can have a large impact on mitigation. We focus on the governance of 'Reducing Emissions from Deforestation and Forest Degradation' (REDD+), a large scale experiment in climate finance and a promising cost-effective mitigation mechanism to motivate developing countries to implement policy approaches to reduce forest-related GHG emissions. REDD+, in the context of strengthening the global response to the threat of climate change, is considered a breakthrough mechanism in international cooperation under the United Nations Framework Convention on Climate Change (UNFCCC) regime, as it was designed to be performance-based. In this paper we analyze a state of the art review on governing REDD+ based on a systematic analysis of peer-reviewed articles in the field. Ours results present a historical perspective of REDD+, literature review, and indicate the most relevant works and scholars in the field.
introDuCtion
Since the late 1980s policy makers and scholars have had increased interest in the governance of complex global problems related to global warming due to the risks involved and high costs of adaptation and mitigation. The 1992 United Nations Framework Convention on Climate Change (UNFCCC), adopted at the Earth Summit in Rio de Janeiro by 197 Parties, and the 1997 Kyoto Protocol, ratified by 192 Parties, are considered landmarks of the international diplomacy on climate change, which places the stabilization of GHG emissions at a 'safe level' as the ultimate objective.
International negotiations on climate change have been taking place for over 20 years. However, global GHG emissions have continued increasing (Prins & Rayner, 2007) . The consensus-oriented decision rule system of the United Nations is very complex because it involves many countries with different circumstances and a variety of complex issues. The Kyoto Protocol settled universal and legally binding commitments on mitigation and adaptation, including internationally binding emission reduction targets for developed countries. On the other hand, it imposed no limits on GHG emissions for developing countries under the principle of common but differentiated responsibilities (Falkner, Stephan, & Vogler, 2010; Victor, 2011) .
In November 2016 the Paris Agreement on climate change entered into force, and will replace the Kyoto Protocol by 2020. It has three major aims: 1) keeping the increase in the global average temperature below 2 °C above pre-industrial levels and to pursue efforts to limit the temperature increase to 1.5 °C above pre-industrial levels; 2) increasing the ability to adapt to the adverse impacts of climate change and foster climate resilience and low GHG emissions, and 3) making finance flows consistent with a pathway towards low GHG emissions and climate-resilient development (UNFCCC, 2015) .
The Paris Agreement is a hybrid international agreement with a mix of bottom-up and top-down architecture. It combines top-down elements for oversight, guidance, and coordination. The new flexible bottom-up approach, instead of setting top-down emission reduction targets, is represented by the Nationally Determined Contributions (NDCs), in which all Parties to the Convention submitted their national targets and actions (post 2020) to be taken under the new international climate agreement. Countries' individual pledges, except for the EU, which submitted one INDC on behalf of its 28 Member States, include a range of policy actions based on countries' institutional, economic, political and technological capacities (UNFCCC, 2015) .
The private sector has been responsive to climate change by establishing GHG emission reduction targets (Cruz, Gomes, Oliveira, & Oliveira, 2017; De Farias & Andrade, 2013; Gibaut & Dias Filho, 2016) . Companies are developing business strategies aligned with the Paris Agreement goals by committing to set science-based targets, including major multinational organizations such as Walmart and McDonald's (Danigelis, 2018, December 12) .
On the forest sector, deforestation is a major driver of climate change (Lederer, 2012) , and the second largest source of CO2 in the atmosphere after fossil fuel combustion, accounting for 12% of the global anthropogenic carbon emissions (Van der Werf et al., 2009 ). According to the IPCC Fifth Assessment Report (AR5) WGIII, the Agriculture, Forestry and Other Land Use (AFOLU) is a unique sector where total anthropogenic GHG emissions (CO2 eq.) are going flat and its share has declined to 24% in 2010, mostly due to increases in emissions in the energy sector, combined with decreasing deforestation rates and increased afforestation . Actions to reduce deforestation and forest degradation are considered a cost-effective way to curb emissions because large-scale programs can be carried out very quickly (Stern, 2007) .
Forests have a significant potential for climate change mitigation, considering afforestation and reforestation activities, forest management, reduction of the deforestation rate, management of forestry products, use of forestry products for bioenergy production instead of using fossil fuels, and improvement of forest species aiming at increasing biomass productivity (Krug, 2008, p. 49) . These examples of productive activities in the forestry sector constitute a powerful lever for social and economic development while promoting sustainable forest management (Ab'Sáber, Goldemberg, Rodés, & Zulauf, 1990) .
There is important progress worldwide in curbing emissions from land use changes over the last decades. According to the Food and Agriculture Organization (FAO, 2016) , in 1990 the world had 4,128 million ha of forest, decreasing to 3,999 million ha in 2015. Between 2010 and 2015, the global net forest loss was 3.3 million ha per year. Most of the forest loss took place in the tropics, especially in South America and Africa. Although the extent of forests continues to decline, the net forest loss rate has been cut due to the improvement of sustainable forest management activities. REDD+ stands for "reducing emissions from deforestation and forest degradation, and the role of conservation, sustainable management of forests and enhancement of forest carbon stocks in developing countries" (UNFCCC, 2014, p. 6) . It is a performance-based mechanism to mitigate forest-related carbon emissions in which developing countries receive incentives to improve forest management by attributing an economic value to the additional carbon stored in trees or not emitted (Corbera & Schroeder, 2011) .
Furthermore, REDD+ is a large scale governance experiment (Lederer, 2012) , considered by some to be an experiment in transformative climate governance that leads to new perspectives by involving a diversity of actors and groups with different interests in policy implementation (Kaisa et al., 2017) . Although REDD+ is not a panacea for climate change, the mechanism is considered a cost-effective approach for mitigation if compared to other alternatives (Angelsen & McNeill, 2012; Phelps, Guerrero, Dalabajan, Young, & Webb, 2010) . REDD+ has been negotiated under the UNFCCC regime since 2005 although the international debate on the need to develop financial mechanisms to protect tropical forests under the climate regime has been increasing since 1997, with the adoption of the Kyoto Protocol. In 2003, during COP-9, Brazilian researchers presented the concept of compensated emission reduction (Santilli et al., 2005) to develop a new financial mechanism on a global scale as part of the Convention.
UNFCCC has been providing methodological guidance for the implementation of REDD+ as part of the 2010 Cancun Agreement, the 2011 Durban Platform for Enhanced Action, the 2012 Doha Climate Gateway, and the 2013 WFR. After almost ten years, the international negotiation on REDD+ was concluded in June 2015 in Bonn. The final decisions on methodological guidance for REDD+, which culminated in the adoption of the WFR, were submitted to the negotiators of the Paris Agreement. The mechanism was included in Article 5 of the Paris Agreement:
Parties should take action to conserve and enhance, as appropriate, sinks and reservoirs of greenhouse gases as referred to in Article 4, paragraph 1(d), of the Convention, including forests. Parties are encouraged to take action to implement and support, including through results-based payments, the existing framework as set out in related guidance and decisions already agreed under the Convention for: policy approaches and positive incentives for activities relating to reducing emissions from deforestation and forest degradation, and the role of conservation, sustainable management of forests and enhancement of forest carbon. (UNFCCC, 2015, pp. 23-24, para. 2) Within the adoption of the Paris Agreement in 2016, it is expected that by the time the Green Climate Fund (GCF) becomes fully operational, it will be a major channel to provide re-sults-based payments on REDD+ to recipient countries. Industrialized nations assumed the commitment under the UNFCCC regime to mobilize at least USD 100 billion per year by 2020 from a wide variety of sources for mitigation and adaptation actions in developing countries, according to their needs and national priorities (UNFCCC, 2015) . REDD+ financing is specified in the Paris Agreement as it:
recognizes the importance of adequate and predictable financial resources, including for results-based payments, as appropriate, for the implementation of policy approaches and positive incentives for reducing emissions from deforestation and forest degradation, and the role of conservation, sustainable management of forests and enhancement of forest carbon stocks; as well as alternative policy approaches, such as joint mitigation and adaptation approaches for the integral and sustainable management of forests; while reaffirming the importance of non-carbon benefits associated with such approaches; encouraging the coordination of support from, inter alia, public and private, bilateral and multilateral sources, such as the Green Climate Fund, and alternative sources in accordance with relevant decisions by the Conference of the Parties. (UNFCCC, 2015, p. 8, para. 55) The emerging REDD+ regime, which aims at preventing, mitigating and adapting to climate change, is embedded in larger governance architecture across different levels. Institutional arrangements in REDD+ occur at all levels, including the top-down Warsaw Framework for REDD+ (WFR), policies and measures at the national level, combined with bottom-up strategies for implementation, considering the participation of lower levels, such as implementing agencies, civil society entities, and other important stakeholders (Corbera & Schroeder, 2011) .
At the international level, several bilateral and multilateral agreements such as the UN-REDD Programme, the World Bank's Forest Carbon Partnership Facility (FCPF), and the Forest Investment Program (FIP) have been supporting developing countries to implement REDD+. Major donor countries have been investing in REDD+ activities since 2008.
At the country level, Brazil is the largest and most advanced recipient country. It has received more than USD 1 billion from the governments of Norway and Germany through results-based payments channeled into the Amazon Fund (Amazon Fund, 2017, September 21), which is the largest REDD+ program in the world and the most important experiment due to the political importance of its international cooperation agreements with Norway and Germany (Boucher, Elias, Faires, & Smith, 2014) .
Furthermore, Brazil has set new standards for international cooperation in environmental protection and climate change by involving multiple stakeholders in the governance and implementation of REDD+ activities. It has demonstrated the feasibility of the results-based mechanism focused on mitigation by fulfilling donors' expectations of accountability and transparency of results in cooperation agreements and showing that it is possible to establish goals and metrics to reduce emissions from deforestation and forest degradation. Indeed, the Brazilian experiment has demonstrated to the international community that it is possible to give autonomy to a developing country to decide on how to manage REDD+ resources according to national priorities and ownership of the implementation agenda based on transparency and verified results before receiving results-based payments.
All told, the main purpose of our study it to present the state of the art review in REDD+ studies, justified by the relevance of the mechanism to mitigate climate change. This paper is organized as follow. Section two presents a systematic analysis of peer-reviewed articles on REDD+. Section three presents an historical perspective on REDD+. Section four presents a literature review based on the state of art articles identified in the systematic analysis, followed by the conclusion in the final section.
systematiC analysis of reDD+ stuDies
The literature focused on REDD+ is very recent and emergent, as per the contemporaneity of the mechanism. A systematic literature review of peer-reviewed articles conducted in November 2015 showed that the first work which indexed the word 'REDD' was published in 2007. From a sample of 863 articles found in the Web of Knowledge database, only three articles were published in 2007, 18 in 2008, and 25 in 2009. The academic production focusing on REDD+ has consistently increased over the years, with a peak of 218 articles published in 2014. The majority of the works have a quantitative approach, including works on mapping forest carbon emissions and carbon stocks (Asner et al., 2010; Gibbs, Brown, Niles, & Foley, 2007; Mitchard et al., 2014; Saatchi et al., 2011) ; forest biomass assessments (Danielsen et al., 2011; Henry et al., 2010; West, Vidal, & Putz, 2014) ; and economic assessments of REDD+ (Bellassen & Gitz, 2008; Busch et al., 2012; Venter et al., 2009) .
Several qualitative studies are focused on the governance and implementation of REDD+ programs (Bolin, Mustalahti, Boyd, & Paavola, 2012; Hajek, Ventresca, Scriven, & Castro, 2011; Marcovitch & Pinsky, 2014; Peskett, Schreckenberg, & Brown, 2011) . Others focus on the political dimensions of REDD+ in light of forest tenure and carbon rights (Larson et al., 2013; Lyster, 2011; Sandbrook, Nelson, Adam, & Agrawal, 2010; Schroeder, 2010) , social safeguards (McDermott, Coad, Helfgott, & Schroeder, 2012) , major drivers of deforestation (Hansen, Lund, & Treue, 2009) , and the implementation of MRV systems (Gupta, Lövbrand, Turnhout, & Vijge, 2012; Herold & Skutsch, 2011) .
Previous studies provided important guidelines for the architecture of the emerging international REDD+ regime. Examples are the works of Corbera, Estrada, and Brown (2010) , Corbera and Schroeder (2011), Gupta (2012) , Hajek, Ventresca, Scriven, and Castro (2011) , Kanowski, McDermott, and Cashore (2011) , Karsenty (2008) , Levin, McDermott, and Cashore (2008) , Park, Choi, and Youn (2013) , Phelps, Webb, and Agrawal (2010) , and Somorin et al. (2012) . Most of these studies have a political economics approach.
A more specific search was performed in June 2017 in the same Web of Knowledge database, using the key words 'REDD' combined with 'governance' and 'forest' for filtering purposes, resulting in 320 articles. The first article was published in 2007, and the first citation was in 2008, as shown in Figure 1 . Despite the growing body of literature on REDD+ governance, academic production is incipient and concentrated on a small number of scholars. It is interesting to note that 24 scholars are responsible for 50% of the actual works on REDD+ governance (see Table 1 ). These 320 papers have been cited 3,759 times from 1,942 citing articles. The most cited articles are listed in Table 2 . The search was refined to articles by researchers from Brazil, resulting in only 19 articles. It is interesting to note that most of these articles have a large number of co-authors, except for the works of Gebara and Agrawal (2017) , Roessing Neto (2015) , and Cronkleton, Bray, and Medina (2011) . This leads us to the conclusion that studies in the REDD+ governance field involving Brazilian scholars have been conducted by research groups. Maria Fernanda Gerbara is the Brazilian researcher that has the highest number of publications, with 26.3% of 19 articles.
historiCal perspeCtive on reDD+
Reducing Emissions from Deforestation and Forest Degradation (REDD+) is a results-based mechanism in which developing countries receive incentives to improve forest management by attributing an economic value to the additional carbon stored in trees or not emitted. Since 2007, UNFCCC has provided guidance on REDD+ as a policy instrument to curb emissions from land use changes in developing countries (Corbera & Schroeder, 2011) .
The initial discussion on the need to develop a incentive mechanism focused on mitigation of forest-related carbon took place during the Kyoto Protocol negotiations in 1997 (Holloway & Giandomenico, 2009 ). In 1998, the UNFCCC requested from the Intergovernmental Panel on Climate Change (IPCC) a report examining the scientific and technical implications of carbon sequestration strategies related to land use, land-use change, and forestry activities. This report consolidated important information on the scientific and technical aspects of carbon sequestration in agricultural and forestry sectors, as well as its implications for resource management, and socioeconomic development issues (IPCC, 2000) .
The first commitment period of the Kyoto Protocol allowed industrialized countries to achieve their reduction target by acquiring offsets from projects eligible for certified emission reductions, through three different market-based mechanisms: CDM, international emissions trading, and joint implementation. Article 12 of the Kyoto Protocol states that only afforestation and reforestation projects could generate credits for trading under the CDM mechanism (UNFCCC, 2006) . However, the Marrakesh Accord, negotiated at the COP-7, only considered afforestation and reforestation activities, and reductions of emissions from tropical deforestation were not be eligible for carbon credits (UNFCCC, 2001) . In 2003, a group of Brazilian and American scholars first suggested the concept of 'compensated reduction' (Santilli et al., 2005) as a large-scale incentive to reduce emissions from tropical deforestation by compensating developing countries committed to reducing deforestation to below previously historical levels and to stabilize the reduced deforestation rate. The mechanism would also facilitate the participation of important developing counties in the Kyoto Protocol. The proposal was presented at the COP-9 in Milan in 2003.
Following this, a similar proposal, 'Reducing emissions from deforestation in developing countries: approaches to stimulate action', was formally presented at the COP-11, held in Montreal in 2005, by the governments of Papua New Guinea and Costa Rica, on behalf of the Coalition of Rainforest Nations. The coalition recommended two proposals to address emissions from deforestation: 1) an optional protocol under the UNFCCC, or 2) a set of decisions under the Kyoto Protocol to allow emissions from tropical deforestation to be considered in market-based schemes (UNFCCC, 2005) .
REDD became a formal global mechanism only in 2007 at the COP-13. The Bali Action Plan (Decision 1/CP.13) established an international call for action on the mitigation of climate change, including "policy approaches and positive incentives on issues relating to reducing emissions from deforestation and forest degradation in developing countries; and the role of conservation, sustainable management of forests and enhancement of forest carbon stocks in developing countries" (UNFCCC, 2008, p. 3) . This REDD concept was called REDD plus (REDD+) due to the additional inclusion of the sustainable management of forests, the role of conservation, and the enhancement of forest carbon stocks.
Since COP-13, key important decisions on REDD+ have been made, including a road map to insert the mechanism into a future global climate agreement (Seymour & Forwand, 2010) . The Copenhagen Accord, established at the COP-15 in 2009, expressed strong support for REDD+ as a financial mechanism to mobilize financial resources from developed countries.
It was decided that "the Copenhagen Green Climate Fund shall be established as an operating entity of the financial mechanism of the Convention to support projects, programs, policies and other activities in developing countries related to mitigation including REDD+, adaptation, capacity-building, technology development and transfer" (UNFCCC, 2010, p. 7) .
The WFR, adopted by UNFCCC Parties at the COP-19 in 2013, designed a robust and comprehensive framework for REDD+ implementation, including guidance on measurement, reporting and verification (MRV) to certify emission reduction as a critical element to access results-based payments through tangible results (UNFCCC, 2014; Voigt & Ferreira, 2015) .
The REDD+ architecture, approved by Parties at the COP-16 in Cancun, requires recipient countries to implement four elements in order to access results-based payments from donor countries: 1) national strategy or action plan; 2) national forestry monitoring system, including MRV; 3) forest reference emission levels (FREL) and/or forest reference level, and 4) safeguards information system (UNFCCC, 2011) . Furthermore, UNFCCC recommends a phased approach to implement these elements through a flexible and interactive approach, because of the complexity involved in the process that depends on developing countries' circumstances and capacities (Voigt & Ferreira, 2015) .
GoverninG anD implementinG reDD+
As governance drives policy effectiveness (World Bank, 2017, p. 43) , governance-related processes on REDD+ require coordination between public policies at national, subnational, and local levels aiming at effectiveness in emission reduction from deforestation and forest degradation, quantified and integrated at a national level (Gomes et al., 2010) . Thompson, Baruah, and Carr (2011) point out that REDD+ is more than a mitigation mechanism. In fact, "REDD+ is already functioning as a form of governance, a particular framing of the problem of climate change and its solutions that validates and legitimizes specific tools, actors and solutions while marginalizing others" (p. 100).
The REDD+ governance architecture is based on a national level coordination led by governments, with subnational activities implemented in cooperation with government agencies (Corbera & Schroeder, 2011) . Although governments have increased the decentralization of forest policies and management to reduce costs and increase efficiency, the implementation of REDD+ may reverse this trend due to requirements under the UNFCCC regime to have a centralized REDD+ at the national level, including a national strategy, and a centralized MRV system (Agrawal, Chhatre, & Hardin, 2008; Phelps, Webb, & Agrawal, 2010) . While the national level centralizes the REDD+ policy-making process and governance, subnational governments and lower-level agents are responsible for policy implementation (Luttrell, Sills, Aryani, Ekaputri, & Evnike, 2016) .
According to the WFR, results-based mechanism for REDD+ embraces a centralized national level approach by linking MRV processes to reporting obligations of developing countries under the UNFCCC. A national entity or national focal point for REDD+ should be responsible for coordination, safeguards and MRV, while subnational agencies or institutions are responsible for implementing activities. This has increased the transparency of the implementation process, aiming to access results-based finance as the national government assumes accountability for the results. The centralized approach also avoids the double counting of REDD+ results (Voigt & Ferreira, 2015) .
In a state-centric REDD+ approach, national governments are accountable for establishing national strategies and policies for land use and forest sectors, including land and carbon tenure, MRV system, provision of funds, and safeguards. Actors at the subnational level (private landholders, local governments, and communities) may be responsible for implementing activities and receive incentives to reduce emissions .
At the international level, it is argued that REDD+ is the most important carbon governance mechanism to address the global warming problem as deforestation is a major driver of climate change, and REDD+ is considered an effective mitigation approach (Lederer, 2012) . Others stress that an integrated approach involving international, national and subnational governance levels is required for REDD+ to progress (Korhonen-Kurki, Brockhaus, Duchelle, Atmadja, & Thuy, 2012) . Some go further and believe that the implementation of REDD+ should be consistent with principles of good forest governance (Kanowski et al., 2011) .
At the national level, Korhonen-Kurki et al. (2012) contribute to the discussion on the challenges and opportunities of multilevel governance. Risks of conflict between actors can be reduced with a REDD+ multilevel governance system since it matches incentives and interests in a transparent way. This is corroborated by Corbera et al. (2010) , who argue that "governance of land use change is a multi-sectorial issue, which requires coordination and institutional adaptation by all the agents involved" (p. 379).
Forsyth (2009) also points out the benefits of a multilevel participatory governance structure in REDD+ to build new political processes based on participation, consensus building and collective learning. Despite the divergent views and interests of stakeholders, if the processes are collectively deliberated, chances for long-term efficiency and effectiveness of REDD+ results are more likely to happen by overcoming divergent interests between actors and institutions.
According to Corbera and Schroeder (2011) , national strategies for REDD+, including policies and measures, depend on a country's circumstances, taking into account its economic, political, historical and environmental contexts. Korhonen-Kurki et al. (2012) list some of the REDD+ elements that require a multilevel governance for implementation, including monitoring, measuring and reporting, forest reference levels, leakage, permanence, benefit sharing and financial mechanisms, participation and rights of indigenous people and traditional communities, non-carbon benefits, and land tenure. All these elements have multilevel governance challenges related to the integration of actions at different levels.
According to Vatn and Angelsen (2009) , the national governance structure for REDD+ defines the capabilities and responsibilities of actors, the rules and procedures for interactions, and distribution of power. Indeed, effective REDD+ implementation requires synergy between government at all levels and the communities involved, based on an institutional long-term strategy. Some other point out that payment for environmental service schemes, such as REDD+, cannot substitute command and control measures because its effectiveness depend on the latter to secure rights of exclusion (Börner, et al., 2010) .
A full and effective participation of key stakeholders in REDD+ governance and implementation processes is required by UNFCCC, in particular indigenous peoples and local communities (UNFCCC, 2011) . National governments are responsible not only for trying to make different lower-level units work together during REDD+ implementation but also have to negotiate with important stakeholders so they can fulfill their forest subsistence needs (Doherty & Schroeder, 2011) . Cronkleton, Bray, and Medina (2011) highlight the importance of establishing community forest management systems at the local level as a critical component in REDD+ governance at multiple levels. This is corroborated by Roessing Neto (2015) , who argues that the involvement of local actors through the establishment of local governance arrangements is a key for the implementation of REDD+ activities, in consonance with national policy instruments.
Some argue that an effective involvement of key actors such as local communities and indigenous communities, willing to cooperate within REDD+ implementation, is critical in order to reach the aims of REDD+. On the other hand, the lack of coordination between state and nonstate actors is a constraint for the governance and implementation of a national strategy for REDD+ (Gebara, Fatorelli, May, & Zhang, 2014) .
ConClusions
REDD+ is a key mitigation strategy (Phelps, Webb, & Agrawal, 2010) and an important policy instrument to reduce emissions from land use changes (Corbera & Schroeder, 2011) in which transactions are based on already achieved mitigation results. REDD+ is an opportunity for transformational changes that, combined with structuring policies, instruments and incentives, may improve sustainable development in forest areas in developing counties. Understanding the REDD+ governance process is a critical field of study as the alteration of a nation's internal land use policies is one of the greatest challenges in climate change, and if successful, this could have a very large impact on GHG emissions. Governing and implementing REDD+ is an high complex process because the drivers of deforestation are multi level and require policy coordination across sectors through different institutional arrangements.
This study presents a systematic review of academic articles on REDD+, and identifies the state of art in the field by pointing out the most relevant articles and scholars in the field. Furthermore, we present a historical context on the emergence of REDD+ at the international level, and a literature review on governing and implementing REDD+, which can be used as a solid base in future researches related to REDD+ and forest governance. 
